INTRODUCTION
Cystic fibrosis (CF) is the most common severe autosomal, recessive genetic disorder with estimated incidences of 1 in 2900 white newborns in the United States (1) and 1 in 2500 in Canada (2) . Growth failure and malnutrition, resulting from multiple, interrelated factors, are common and well documented to be unfavorable prognostic factors in CF (3) (4) (5) . Assessment of growth and nutritional status in large CF populations can be useful in the development and evaluation of intervention strategies (6) .
Differences in the survival and growth status of the CF population between the United States and Canada have been documented. Corey et al (7) reported substantially better growth of CF patients in Toronto (eg, mean height-for-age and weight-forage of 42nd and 43rd percentiles for males, respectively) than in Boston (eg, mean height-for-age and weight-for-age of 33rd and 35th percentiles for males, respectively) using data obtained in 1982. In the same study (7) , survival curves after 10 y of age were also better in Toronto than in Boston. It was hypothesized that differences in nutrition therapy, ie, no restriction of dietary fat in Toronto, could explain the differences in growth and survival between these 2 CF populations (7) .
An updated comparison of the growth status of CF patients between the United States and Canada is important because previous results obtained from 2 local CF centers may not represent the entire CF populations in these 2 countries. In addition, significant advances in the treatment of CF have occurred over the past 2 decades, resulting in concurrent improvement in the survival and clinical status of CF patients. Our recent analyses of the 1993 US Cystic Fibrosis Patient Registry showed that the prevalence of malnutrition is very high in children with newly diagnosed CF (44% below the 5th percentile for height or weight); however, only 24% of children with CF who had received ongoing medical treatment were below the 5th percentile for height or weight (8) . The 1996 report from the US Cystic Fibrosis Foundation also documented an increase in the median survival age from 26.9 to 31.3 y and a 20% decrease in the prevalence of malnutrition from 1986 to 1996 (9) . Furthermore, the different approaches to nutrition therapy documented in the 1970s between the United States and Canada (7, 10, 11) appear to no longer exist now that nutrition intervention techniques are well developed (12, 13) . In particular, a fat-enriched diet and improved pancreatic enzyme replacement therapy have become the standard nutrition practices in US CF centers in the current decade (14) . In view of these advances, we compared the growth status and prevalence of malnutrition between US and Canadian CF patients.
SUBJECTS AND METHODS

Cystic Fibrosis Patient Registry data
The Cystic Fibrosis Patient Registry operated by the US Cystic Fibrosis Foundation and the Canadian Patient Data Registry operated by the Canadian Cystic Fibrosis Foundation document the diagnosis and annual follow-up of all known CF patients in the United States and Canada. Basic demographic data, diagnostic information, and selected clinical characteristics are collected annually, as described in detail elsewhere (2, 15) .
Demographic (race, sex, and age), growth (height and weight), and select clinical characteristics (age at diagnosis, history of meconium ileus, genotype, and use of pancreatic enzyme supplementation to reflect pancreatic functional status) of patients with complete growth measurements for the years 1992, 1993, and 1994 were obtained from both registries. Approximately 1% of US records and 8% of Canadian records had missing height, weight, or both measurements for a given year and these records were not included in our study.
Computation of growth indexes
The following growth indexes were calculated to reflect nutritional status: 1) height and weight percentiles, 2) height and weight z scores, and 3) percentages of ideal weight. For pediatric CF patients (< 18 y of age), height and weight percentiles and z scores were calculated by using the EPI INFO program (16) , which uses normalized growth reference curves developed by the National Center for Health Statistics (NCHS) (17) (18) (19) . For adult CF patients (≥ 18 y of age), height and weight percentiles and z scores were calculated by using reference values from the second National Health and Nutrition Examination Survey (NHANES II) (20) . Both NCHS standards for children and NHANES II references for adults are used as the reference populations in the recommended dietary allowances (21) . Percentage of ideal weight, as recommended by the US Cystic Fibrosis Foundation Nutrition Consensus Report (12) , was calculated by using our previously developed SAS program, which uses reference values (ie, mean weights and their corresponding SDs) derived from NCHS (17) and NHANES II (20) standards for this computation (8) .
Determination of nutritional status
Frequency distributions of height and weight percentiles were categorized into 6 percentile channels (< 5th, 5-10th, 10-25th, 25-50th, 50-75th, and > 75th) to classify nutritional status. Percentage of ideal weight distribution (12) was categorized as > 110% (overweight), 90-110% (normal weight), 85-90% (underweight), 80-85% (mild malnutrition), 75-80% (moderate malnutrition), and < 75% (severe malnutrition) to determine the degree of malnutrition. In addition to the above classifications for nutritional status, mean values for each growth index in specific age groups were evaluated in relation to sex and age. Predetermined cutoff points of growth indexes were used to define different indicators of malnutrition: height and weight below the 5th percentile indicated stunting and wasting, respectively, and weight < 85% of ideal indicated nutritional failure.
Data and statistical analyses
There were 1379 US records (2.6%) and 108 Canadian records (1.3%) with height or weight values that deviated > 4 SDs from the reference mean of the NCHS reference population. These height and weight values were thought to be outliers resulting from measurement or recording errors; eg, it is highly unlikely for a 10-y-old child to be 50 cm tall or for an infant to weigh 80 kg. In addition, these height and weight values could not be computed accurately into age-and sex-specific percentiles by the EPI INFO program (16) ; therefore, these values were excluded from growth analyses. SAS (version 6.12, 1996; SAS Institute, Inc, Cary NC) and S-PLUS statistical software (StatSci, Division of MathSoft, Inc, Seattle) were used to compile descriptive tables, summary statistics, and graphic analyses. All statistical analyses were performed separately for each sex or stratified by sex because of the well-documented sex difference in survival and clinical course between male and female CF patients (7, (22) (23) (24) .
Comparisons between categoric outcomes were assessed by using chi-square contingency tables (25) in SAS. The method of generalized estimating equations (GEE) (26) was used to compare group means, adjusted for repeated measures and stratified by age when appropriate. Group differences were assessed by t tests of the relevant regression coefficients. The identity link was used for continuous outcomes (eg, growth percentiles and z scores) and the logit link was used for dichotomous outcomes (eg, indicators for falling below the 5th percentile for height and weight). An SAS macro implementation of GEE by Karim and Zeger (27) was used for GEE analyses. Last, P values for comparisons of medians between groups were obtained from the median test of Su and Wei (28) by using S-PLUS. The following null hypothesis was tested: quantiles from the 2 samples are equal but corresponding distribution functions may not be equal.
RESULTS
Patient characteristics
Demographic and diagnostic characteristics of the study populations are summarized in Table 1 . Most CF patients were white; however, the percentage of African American patients was significantly higher and that of patients of other races lower in the United States than in Canada in both all patients and in patients with a new diagnosis of CF. The mean age for all patients was slightly yet significantly lower in the United States than in Canada and the percentage of pediatric patients was higher in the United States (70%) than in Canada (67%). More than 75% of the patients with a new diagnosis of CF were < 4 y of age, and the age distribution was similar between the United States and Canada in this subpopulation.
Comparison of the diagnostic characteristics between the 2 countries showed that age at diagnosis was similar. However, proportionately fewer patients with meconium ileus and with pancreatic enzyme supplementation, but more patients with non ⌬F508 mutations, were observed in Canada than in the United States in both all patients and in patients with a new diagnosis of CF. The relatively large proportion of Canadian patients with missing enzyme data were accounted for by a single large center and was therefore not likely to explain differences in the percentage using supplements between the 2 countries.
Overall growth status
The overall growth status of CF patients in the United States and Canada is compared in Figure 1 . Frequency distributions of height and weight percentiles were skewed to the left compared with the expected distribution of the NCHS reference population, indicating subnormal growth of CF patients. Mean and median height and weight percentiles were consistently lower in the United States than in Canada. Although the differences were small (2-4 percentiles for means and 4-6 percentiles for medians), they were significant. In addition, the percentage of patients with height below the 5th percentile and weight below the 5th percentile was also 4-6% higher (P < 0.01, GEE) in the United States than in Canada. Differences in the percentage of ideal weight were much less pronounced; only the mean value for males was significantly lower (P = 0.01, GEE) in the United States than in Canada.
Growth status in relation to sex and age
Mean height z scores, weight z scores, and percentage of ideal weight are shown in Figure 2 . The percentage of patients with malnutrition-as indicated by height below the 5th percentile, weight below the 5th percentile, and weight < 85% of ideal in 1 Values for the time-dependent variables age and age distribution were computed by using all records, which may include multiple observations per patient; values for all other variables were computed by using the most recent observation of each patient.
2 Values were computed by using data obtained during the year of diagnosis and included only one observation per patient.
3 About 70% of patients had growth measurements for all 3 y; the remaining patients had 2 (Ϸ16% of patients) and 1 (Ϸ14% of patients) measurements. relation to sex and age is shown in Figure 3 . Specifically, growth was assessed for 4 distinct age periods: infancy to 2 y of age, early childhood, preadolescence to adolescence, and adulthood.
Infancy to 2 y
In infants with CF, mean height and weight z scores were below Ϫ1 SD (corresponding approximately to the 15th percentile) and 30-40% of patients were below the 5th percentile for height and weight for both sexes in both countries. Height and weight z scores appeared to improve from infancy to 2 y. In 2-y-old children with CF, mean height and weight z scores were 44-79% higher (range: Ϫ0.2 to Ϫ0.6) than those of infants with CF and < 20% of the 2-y-olds were below the 5th percentile for height and weight. GEE analyses indicated that males aged 0-2 y in Canada had significantly higher weight z scores than males aged 0-2 y in the United States and that for males aged 0-2 y in Canada, more were of ideal weight, fewer had heights less than the 5th percentile, and fewer were < 85% of ideal weight compared with their US counterparts. Females in Canada had significantly higher weight z scores than females in the United States and the differences appeared to be smaller than those in males. In addition, no differences in the prevalence of malnutrition-ie, the percentage of patients with height below the 5th percentile, weight below the 5th percentile, or < 85% of ideal weightwere observed between countries in females aged 0-2 y.
Early childhood
For CF patients aged 3-10 y, males in Canada had consistently and significantly higher height z scores (Canada: from Ϫ0.3 to Ϫ0.7 ; United States: from Ϫ0.5 to Ϫ0.8) and weight z scores (Canada: from Ϫ0.2 to Ϫ0.5; United States: from Ϫ0.4 to Ϫ0.7); fewer males in Canada than in the United States had heights and weights below the 5th percentile. Mean percentages of ideal weight were normal (100-105% of ideal weight) and < 5% of patients were < 85% of their ideal weight. No differences in percentages of ideal weight were noted between the United States and Canada in males aged 3-10 y. Similar trends in the relation between age and height and weight z scores were observed in females aged 3 to 7-8 y; however, percentages of ideal weight were significantly higher in the United States than in Canada in this age range.
Preadolescence to adolescence
Dramatic changes in growth indexes and prevalence of malnutrition were observed in CF patients aged 7-8 y through 18 y. Males with CF showed consistent and rapid declines in mean height and weight z scores from 9-10 y to 16-17 y, with some improvement in height but not in weight at 17-18 y. Percentages of ideal weight remained normal (> 100% of ideal weight) until age 17-18 y. Similar declines in height and weight z scores were observed in female CF patients from 7-8 y to 10-12 y, with improvement in height and stabilization in weight from 12 to 18 y. Weight z scores appeared to decline at earlier ages than did height z scores. Percentages of ideal weight declined from Ϸ105% at age 12 y to Ϸ93% at age 18 y. For this age group, US patients again had significantly lower mean height and weight z scores than the Canadians, but percentages of ideal weight were similar between the 2 countries. Parallel changes in the prevalence of malnutrition were observed during this age period. In particular, 4-7 times as many 18-than 10-y-old males and 2-5 times as many 18-than 10-y-old females had weights less than the 5th percentile and were < 85% of their ideal weight. In 18-y-old patients, Ϸ30-40% were below the 5th percentile for weight and were < 85% of ideal weight.
Adulthood
In adults aged 18-39 y, height appeared to be stable at close to Ϫ0.5 SD (corresponding to approximately the 30th percentile) and Ϸ10-15% of patients were below the 5th percentile for height. In adults aged ≥ 40 y, height z scores approached zero (corresponding to the 50th percentile). However, mean weight z scores and percentages of ideal weight remained significantly lower in adults than in children with CF. There were no significant differences in mean z scores or the percentage of patients below the 5th percentile for height between the United States and Canada in the adult population. However, separation of weight and percentages of ideal weight curves between the United States and Canada was apparent in both sexes and Canada had significantly better weight z scores and percentages of ideal weights than the United States.
Growth status in relation to diagnostic categories
To identify clinical factors that may be associated with poor growth and a high prevalence of malnutrition, growth indexes were examined in subgroups of patients based on variables that reflect time of CF diagnosis, history of meconium ileus, pancreatic functional status, and CF genotype. The overall pattern of differences between the United States and Canada in each of the diagnostic categories is shown in Table 2 . In general, patients with a new diagnosis of CF, those with meconium ileus, and those taking pancreatic enzyme supplements had poorer height and weight percentiles than those in the complementary categories. Lower values were also seen in those homozygous for ⌬F508 than in those with other genotypes. These patterns of differences were consistent within both countries.
DISCUSSION
The findings showed that children with CF in the United States (8) and Canada experience subnormal growth relative to NCHS and NHANES II reference standards, with mean height and weight at the 30-35th percentiles. Mean height and weight percentiles in children with CF in Canada were 4-5 percentiles higher than those in the United States, but percentages of ideal weight (104%) were similar in children from both countries. In adults with CF, mean heights were at the 37th percentile in both countries. However, the weight percentile and percentage of ideal weight were higher in Canada (weight: 26th percentile; percentage of ideal weight: 93%) than in the United States (weight: 21st percentile; percentage of ideal weight: 90%). In both countries, adults with CF had better height z scores but poorer weight z scores and percentages of ideal weight than did children with CF. These findings may reflect a survival advantage for those who achieved greater height. However, eventual weight loss in the later stages of the disease have been observed in this select group of survivors.
Our analyses based on the 1992-1994 CF Patient Registry data showed that the differences in growth of CF patients between the United States and Canada are substantially smaller than those reported by Corey et al (7), who compared CF patients from Boston and Toronto in the 1980s. In our study, height and weight were only 2-3 percentiles higher in male patients in Canada than in males in the United States, whereas Corey et al reported a 9-percentile difference for both height (Boston: 33rd percentile; Toronto 42nd percentile) and weight (Boston: 35th percentile; Toronto: 43rd percentile) between the Toronto and Boston groups. In female patients, height and weight were 4 percentiles higher in Canada than in the United States, whereas height was 11 percentiles higher (Boston: 33rd percentile; Toronto: 44th percentile) and weight was 2 percentiles lower (Boston: 31st percentile; Toronto: 29th percentile) in Toronto than in Boston. Two factors should be considered in the interpretation of these differences. First, the 2 studies used different standards of growth. The Toronto-Boston study used the British growth standards of Tanner et al (29) , whereas the present study used NCHS (17) and NHANES II (20) standards. Second, growth of patients in Boston and Toronto may not represent that in the respective countries.
NCHS and NHANES II standards for height in both sexes and for weight in males are generally higher than British standards; therefore, computed percentiles would be lower when NCHS and NHANES II standards are used. For example, height was 6 percentiles less and weight 12 percentiles less in Canada when NCHS and NHANES II standards were used than when British standards were used. In contrast, the opposite pattern was observed for weight standards for females. British standards are higher and thus the computed percentiles are lower when the British standards are used than when NCHS and NHANES II standards are used. These phenomena were described in a recent abstract (30) . Therefore, lower growth percentiles in the present study than in Corey et al's (7) study in the respective countries largely reflect the use of different growth standards. In addition, because of the regular pattern of discrepancy between standards for height and weight in males, we concluded that the differences between the 2 countries in the present study were smaller than the regional differences in the earlier study (7) .
Note that weight percentiles were markedly higher in males than in females with CF when British standards were used (Boston: males, 35th percentile; females, 29th percentile), whereas only small sex differences were observed in children with CF when NCHS standards were used (United States: males, 30.4th percentile; females, 30.0th percentile). The opposite trend was observed for adult CF patients when NHANES II standards were used (United States: males, 19th percentile; females, 25th percentile). Such trends for sex differences were also observed in the Toronto and the 1992-1994 Canadian populations.
Several implications can be drawn from the aforementioned findings. First, the findings explain, at least in part, the inconsistent trend in sex differences as they relate to the growth of CF patients reported among studies (2, 5, 7, 8, 24, 31) . For example, several studies (2, 5, 7, 31) have consistently shown better growth status, based on British percentiles, in males than in females with CF. However, other studies (8, 24) reported opposite trends based on NCHS percentiles. Second, it indicates that the sex difference in weight (when expressed as percentiles or z scores) and in percentages of ideal weight observed previously in the CF population were at least partially dependent on the growth standards used for computation. In conjunction with the above argument, previous studies (2, 5, 7, 31) suggesting a possible link between higher mortality and poorer weight status for females than for males with CF warrants further examination. Use of other supplementary growth indexes that are independent of the influence of a reference population, such as gains and losses in height and weight as well as body mass index, may be essential for evaluating growth and its association with mortality in CF patients. Additionally, it is important to take into account differences in patients' clinical characteristics, such as pancreatic status, pulmonary status, and genotype when examining the association between growth and survival in CF.
Growth status of CF patients in the United States in the 1990s has improved considerably since the 1980s when the growth of patients from Toronto and Boston were examined. Median survival age increased from 26.9 to 31.3 y and the prevalence of malnutrition decreased by 20% in US patients from 1986 to 1996 (9). The median survival age of US CF patients is now virtually identical to that of Canadian patients, which was 31.0 y in 1995 (32) . The significant improvement in nutritional status of CF patients in the United States over the past decade is due, at least in part, to the recognition of the importance of nutrition monitoring and to efforts made toward more aggressive nutrition interventions (12) (13) (14) .
Other factors may also play a role in the differences in nutritional status between CF patients in the United States and Canada. First, a lower prevalence of meconium ileus and apparent pancreatic insufficiency as well as a lower frequency of ⌬F508 mutations were noted in Canada than in the United States (Table 1) . Adjustment for these factors resulted in a reduction in the significance (from P < 0.001 to P < 0.01) of mean differences in growth indexes between the United States and Canada. Second, other clinical profiles such as pulmonary function and rate of respiratory infection were not determined; this may have contributed to the differences between the 2 countries observed in our study. Third, differences in health care delivery between the United States and Canada likely complicate growth comparisons as well. Whereas CF patients in Canada have enjoyed universal health insurance for many decades, 98.1% of CF patients in the United States were insured in 1994 (33) . However, mildly affected patients may be underrepresented or use of supplemental nutrition may be lower in the US CF population because of health care expenses.
In conclusion, the most striking findings of this study are the substantially smaller differences in growth indexes between the 2 countries compared with results documented in the 1980s from 2 regional CF centers (Boston and Toronto). However, direct comparison of mean growth percentiles from studies using different growth standards is inappropriate because systematic differences exist in growth standards, which affect, in particular, the comparison of growth between males and females. Although we observed diminishing differences in growth between the United States and Canada during the current decade, it is clear that Canadian children with CF have remained slightly taller and heavier for their age than US patients with CF. In addition, US and Canadian adults with CF have similar heights but Canadians are significantly heavier. Further studies examining the contributions of various clinical, genetic, and environmental factors associated with CF are needed to explain the observed differences in nutritional status between CF patients in the United States and Canada.
